Background/Objectives: The efficacy of propranolol as a treatment for infantile hemangiomas (IHs) has been documented. Until now, little has been written about the role of propranolol beyond the proliferation phase of IH. Our aim was to document propranolol efficacy and safety in the treatment of involutive IH. Patients and Methods: Two evaluations were conducted. Investigators evaluated the final clinical results by comparing clinical data at baseline and at the end of the study. Evaluators scored each panel of photographs and were blinded from any clinical information. Both groups used the same scoring system. Patients treated with propranolol in our department between 2009 and 2014 were reviewed. Results: A total of 15 patients with involuting IH treated with propranolol were eligible. Eleven (73%) were females, ranging in age between 16 and 110 months (median 41 months). The types of IH were mixed (n = 13) and superficial (n = 2). The median duration of the propranolol treatment was 20 months (range 6-33 months). The mean size reduction was from 6 cm ± 4.33 before the treatment to 3.98 ± 1.25 at the end of the treatment. The general mean involution according to the investigators' evaluation was 4.1 ± 2.7. The general mean involution according to the evaluators' evaluation was 4.9 ± 1.5. Telangiectasias showed no response.
Introduction
Infantile hemangiomas (IHs) are the most common benign soft-tissue tumors in infancy and have a predictable clinical course: an early rapid growth (proliferative phase) and a gradual involution (involutive phase). It is predicted that all the IH cases have a spontaneous involution of approximately 10% per year. [1] [2] [3] The efficacy of propranolol as a treatment for IH has been documented since a report by Léauté-Labrèze et al. [4] in June 2008. In March 2011, Zvulunov et al. [5] reported that propranolol was effective in IH after the proliferative phase. Until now, little has been written about the role of propranolol beyond the proliferative phase of IH. We now present a case series of 15 children with IH where propranolol was used as a treatment to improve IH during the involutive phase. Our aim was to document with other methods propranolol's efficacy and safety in the treatment of involutive IH.
Patients and Methods
An institutional review board-approved retrospective study of patients older than age 1 with a diagnosis of IH was performed. Patients treated with propranolol in our department between 2009 and 2014 were reviewed. We collected clinical data for each patient (age, sex, lesion location, color, type of lesion, lesion size, number of lesions, distribution, criteria for a syndrome, prior therapies, propranolol treatment parameters, adverse reactions, and response to propranolol) from medical records using standardized data forms. We also collected serial photographs before and after the start of therapy. In each case, a panel of photographs was constructed cropping the IH as much as possible.
Two evaluations were conducted. Two investigators evaluated the final clinical results of the treatment individually (investigators) by comparing clinical data at baseline and at the end of the study. Four dermatologists and two pediatricians evaluated the final photographic results individually (evaluators). The evaluators scored each panel of photographs and were blinded from any clinical information. The dermatologists were from departments of dermatology of different hospitals. The pediatricians were from our hospital and were unaware of our patients. Both groups (two investigators and six evaluators) used the same scoring system, which ranged from 0 (representing maintenance of volume and color) to 10 (representing total flattening and clearance). A mean score for each patient was calculated, which was followed by a general mean involution score for each group and a global mean involution. The mean initial size of the IH was compared with its mean final size. Based on the mean score for each patient, spontaneous involution was calculated and then a general mean calculated spontaneous involution.
Results
A total of 15 patients with involuting IH treated with propranolol were eligible for this study. Eleven (73%) were females, ranging in age between 16 and 110 months (median 41 months). The median age at IH-growth cessation was 14 months (range 5-30 months). The IH locations are presented in Table 1 . Localized hemangiomas had almost complete involution in 5/8 versus 5/7 segmental hemangiomas. The types of IH were mixed (n = 13) [ Figure 1 ] and superficial (n = 2). Of these, two fit the diagnostic criteria for PHACE syndrome, and one had multifocal lesions with visceral involvement. A cardiovascular examination found an atrial septal defect in one patient.
Eighty-seven percent (13/15) had received treatment during the proliferative phase, and 92% (12/13) were treated with oral corticosteroids. Other previous treatments included plus propranolol (two cases), plus timolol (one case), and interferon (one case).
The treatment was initiated in outpatient settings. The treatment parameters are presented in Table 2 . The median duration of propranolol treatment was 20 months (range 6-33 months).
By comparing clinical data at baseline and at the end of the study, the response to propranolol treatment was found to be mainly changes in IH color from a deep red to gray-purple in 5 versus 12 patients (33% vs. 80%). Telangiectasias showed no response [ Figure 2 ]. The mean size reduced from 6 cm ± 4.33 before the treatment to 3.98 ± 1.25 at the end of treatment. The general mean involution by the investigators' evaluation was 4.1 ± 2.7.
The general mean involution by the evaluators' evaluation was 4.9 ± 1.5. The global mean involution (investigators and evaluators) of IH in our cases was 4.95 ± 1.59; the general mean calculated of spontaneous involution of IH in our cases was 1.05 ± 0.51 (P = 0.0001).
At the time of clinical assessment, the therapy was discontinued in five patients when the residual lesion ceased to respond to the therapy. One of these patients showed evidence of a relapse of his/her hemangioma.
Adverse reactions were presented in two cases: one patient with transient nightmares and one child with sleep walking. The therapy was discontinued in neither of these patients.
Discussion
Our experience treating 15 patients with involuting IH supported other reports [5, 6] indicating that propranolol was an effective drug for treating this condition. Propranolol treatment showed important benefits in our series with relatively "old" patients. The indications for intervention in involuting IH were mostly disfigurement particularly of segmental lesions with a higher frequency of complications and developmental abnormalities. [7] Most of our patients were treated during the proliferative phase; the response observed may have indicated that, even so, propranolol therapy at an older age led to clinical improvement.
There was no difference in response to propranolol with regards to the hemangiomas' location. The response was similar in segmental versus localized hemangiomas.
Our study was a single-center study, which allowed for clinical and photographic evaluations. Using varied methods by Zvulunov et al. [5] to assess the response to propranolol treatment on involuting IH, we documented the efficacy of propranolol in treating IH beyond the proliferative phase.
Our study statistically confirmed that propranolol significantly accelerated the involution rate of involuting IH. As Zvulunov et al. [5] indicated, none of our patients' IH completely involuted with propranolol, but this therapy improved its esthetic appearance. In addition, our patients and their parents accepted this outcome very well.
The parents did not want to stop the medication due to the good results, even when we considered that the response to therapy had ceased. Currently, there is evidence that it is better to manage IH in the postproliferative phase with oral propranolol than wait until they regress spontaneously. The implementation of surgical procedures can occur earlier, as we did in one of our cases.
The mechanism of action of propranolol in proliferative and involutive phases of IH is not completely understood.
Propranolol has an inhibitory effect of angiogenesis by antagonizing the vascular endothelial growth factor (VEGF). The VEGF and basic fibroblastic growth factor are elevated in infants with proliferative IH and reduced in infants with involuting IH. [8, 9] Propranolol induces apoptosis of endothelial cells, and it is suggested that apoptosis of endothelial cells is the mechanism involved in the natural involution of IH. [10] We did not observe severe adverse reactions. However, we emphasize that therapy should include thorough education regarding the proper administration of propranolol, warning signs to watch for, and what parents should do if any side effects are noticed. [11] Two of our patients with segmental IH without meeting the full diagnostic criteria for PHACE syndrome were treated in our group; they did not have cerebral vascular abnormalities. Caution must be taken when using propranolol with patients with PHACE syndrome. [12] Relapse of involuting IH in patients treated with propranolol has been documented. One year 10 months after stopping propranolol, one of our patients had a visible recurrence of IH (patient with IH on his/her trunk) [ Table 1 ] at 3 years 9 months of age. While we were unable to explain the cause, incomplete apoptosis during treatment was proposed. [13] Finally, we did not find that treatments during the proliferative phase had any influence on the response to propranolol during the involuting phase. Corticosteroids were not a therapeutic option for involuting IH, but one of our patients was simultaneously treated with prednisone (0.5 mg/kg/day, four months) before we noticed because of the patient's mother's decision. This patient did not respond better.
Propranolol was well tolerated and associated with limited adverse reactions. We agreed with Vivas-Colmenares et al. [14] that the use of oral propranolol was effective in the treatment of IH beyond the proliferative phase. We did not observe complete responses in any of our patients. Complete responses (total clearance and flattening or only residual telangiectasia) were reported in 72.2% of the patients, and partial responses were reported in 27.8%. We found almost total clearance and flattening with or without telangiectasia in 66.7% of the patients and partial volume reduction or clearance in 26.7%. Our evaluation was likely more rigorous. None of the reported patients by Zvulunov et al. [5] had completely involuted IH.
The retrospective nature of our study and the limited number of cases were important limitations. It was difficult to determine differences between those who had treatment during the proliferative phase versus those who did not. It was also difficult to determine when the benefits of propranolol tapered off according to the type and location of the hemangiomas. Further, prospective studies are needed.
Conclusions
The use of oral propranolol is effective in the treatment of IH beyond the proliferative phase. In our experience, propranolol was well tolerated and associated with limited adverse reactions.
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